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A method for identifying the structural planes of surrounding
rock in TBM construction tunnels based on multi camera vision
and image recognition technology

SONG Haotian’, LI Ningbo®, JI Hongkui', XIAO Yuhang', WANG Yinkun', LIU Bin’

(1. China Construction Infrastructure Co., Ltd., Beijing 100089, P. R. China; 2. Water Resources and Hydropower
Planning and Design Institute of the Ministry of Water Resources, Beijing 100120, P. R. China)

Abstract: The structural plane of surrounding rock is one of the key geological factors affecting the efficiency
and safety of TBM excavation. Developing a rapid, precise, and adaptable method for identifying the structural
plane of surrounding rock in TBM tunnels is of great significance. This article proposes a method for identifying
rock structure planes based on multi camera vision and image recognition technology. Specifically, based on the
equipment using binocular cameras, color and depth images of large exposed surrounding rocks are captured at
fixed positions. The depth images are corrected to overcome image distortion issues based on positional
parameters such as the position and shooting angle of the binocular camera. Furthermore, the Fine Boundary

Description (CED) method was adopted to achieve precise identification of the structural planes of the
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surrounding rock. This approach is founded on traditional convolutional neural networks and adds a dual path of

forward propagation and backward refinement of image data. In the backward refinement path, it continuously

strengthens the capture of local boundaries in the image, captures the differences between structural planes and

conventional surrounding rock pixels in the image, and then characterizes the boundaries of surrounding rock

structural planes. Based on the TBM construction tunnel of Qingdao Metro Line 6, 427 sets of color and depth

images of the surrounding rock were collected on site. By comparing the model recognition with the actual

morphology of cracks, this method was further validated.

Keywords: Tunnel Boring Machine (TBM); multi camera vision; image recognition; rock structural planes
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Fig.1 Schematic diagram of binocular vision camera
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D=B—(Xy+X:) (1)
MR AR = £ T8 J 23
B Z
EIRE:
_ JXB
X+ Xy (8)

A 3t A () R B BRIV AT B AR P P
i 2o 1 5 3 AT SR A G B A e B
1.2 AMRKXSEKREMRIE

S5 Ky 1T 5 R AL B e B 22 S R TR L AL GE BR
YU S AL T A ARG o R, i T ER BT O IR SR
R 25 FLBG & P ™ 5, 7E 2 h TBM AR B (9 Bl
A ) o 35 R ) PR 5 AR R B O™ T Y
DA IR AE B G o Oy B ARALAR 25 4 A B X 45 #4) THT
WU AP0, 7 BB $8 2o 72 o, 7 25 R LR 4

2k VLIRS S T 1) K T BR R B TR BEAT AR 4
BT 2 TBM 45 ki &, £ 85 75 ORI IX
S A R T B A BR R T, X [ e AT 42 2 )R B
W IR ST Z R AT AE — E WIS T
AL A A TR ER IR A T T AR A 2 H IR
8o 5351, Z HARBLS & BE R X 07 B 1 4% 52 T 4%
BERBIEER S NI, 2 H 3% R T E HLAL,
Ik Z HAHBLIG AL B S A )

BUROEAE K 3 WU VP AN N EEFARI RIS
PG REAT 25 G 20 B, S8 BE LA 45 M i RUs0 o 3 3R
) 5 A5 L DAY 45 A T 3R T 5 A R AR R
SRR E E G . SRR A RE R T 5 AR
AR By B ARA KA, i 32 2 I 507 B A R

TBM jifi T F% 38 10 55 J& T il i, 47145 o F- 1 %
O R BLL AN B AR 22 7 A e A2 BRIV PRT A5 AS ) £
BB RSHEEE LSRR ER . Xz
S T BUE A SRR . R, BT RS 0
PG e, 24 T A 500 R BRI o AT 2 O BRI
Wk 4 TOT DX s BE T A5 B (B S5 IR EE R . P 2(b)
(0 3R B R T Y X, AT (0 3R B R A
X BT B 7 RGO ) 5 R O X (e ) A R
JE 22 S BOR, B 07 X0 A9 530 HE S 5 B4 1R A AT AR
@R 7 K R A R AT AR
2L X T EOTE TR BE AR b A 2R A HE S
R B 22 S WO I, A PR A5 R T R I G PR A
PRI, 6 A4 40 A 4% DX 2% o 31 B S 9 S, X
LLANR B PR AT IR BE B IE

(a) OB (b) BRI &

B2 REXEBEMNBEXESREERK
Fig.2 Color and depth images without depth correction
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Fig. 9

Identification results of surrounding rock structural plane in TBM construction tunnel of Qingdao Metro Line 6
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